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Abstract 
This paper first reviews our previous research on the general Maxwell theory 
of fields, then discusses the topological significance of special relativity and 
deduces the Lorentz invariant of the gravitowagnetic field based on the field 
theory established in 3-dimensional space. By means of the successful path of 
electromagnetic field quantization, the quantization of gravitowagnetic field 
including gravitational field and wagnetic field is derived. Under the condition 
of ensuring the invariance of the 4-dimensional spacetime interval and the 
positive direction of time, a parity 4-dimensional spacetime coordinate system 
is established, and the tensor form of the vacuum field compatible with elec-
tromagnetic field and gravitowagnetic field is derived in the system. It is 
proved that the excited-state vacuum field generated by stationary mass and 
moving mass is Lorentz covariant. The unified expression of the electromag-
netic field and the gravitowagnetic field is obtained, which is a representative 
formula of general Maxwell theory of fields. Finally, the gauge transformation 
of the field is discussed. 
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1. Introduction 
1.1. Brief Review of the Previous Research 

Research on the general Maxwell theory of fields consists of three articles. This 
paper is the third one. The previous two are “General Maxwell Theory” [1], and 
“General Maxwell theory (2): Explanations and Predictions of Some Phenomena” 
[2]. The reference [1] reviews Maxwell’s idea of comparing the lines of force of 
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the electromagnetic field to an incompressible fluid, and notes that his idea was 
successfully applied to fluid mechanics: when the velocity field is analogized to an 
incompressible fluid field, the velocity field formula is derived by applying the 
Biot-Savart law of the electromagnetic field. Noticing the above facts, we believe 
that since all fluids have mass and charged particles also have mass, therefore, the 
Biot-Savart law can be used to derive an incompressible fluid generated by mass 
flow density. We use a new term “wagnetic field” to describe it, and another new 
word “gravitowagnetic field” to describe the gravitational field and wagnetic field. 
We discover that the algebraic form of wagnetic field has a parity relationship with 
the algebraic form of magnetic field. At the same time, we also notice that the field 
excited by the rest mass (Newton’s gravitation formula) and the field excited by 
the static charge (Coulomb’s law) also have a parity relationship in the algebraic 
forms. We think that in the real world, there are no mathematical tools such as 
coordinate systems. All physical laws are described in a mathematical space. In 
this abstract space there are no charges and masses, only the concepts of charges 
and masses are introduced into the space, which cannot change the inherent sym-
metry of the mathematics space. Therefore, the parity of the electromagnetic field 
and the gravitowagnetic field must be the large-scale parity displayed by the ex-
cited vacuum itself. In reference [2], we explained the reason for allowing local 
symmetry breaking in the case of large-scale parity symmetry: anti-particles (pos-
itrons and anti-electron neutrinos) emerged. According to Feynman’s quantum 
electrodynamics rules, the anti-particles correspond to local time reversal. This 
rare phenomenon does not affect the fact that the overall direction of time in the 
large-scale configuration space is positive. We also relate this phenomenon to the 
overall magnetic order (corresponding to the overall time order) that occurs dur-
ing the phase transition of a paramagnetic system, where local magnetic disorder 
is allowed to exist, that is, there is a reverse relationship between local spins and 
the total spins (corresponding to a reverse relationship between local time direc-
tion and overall time direction), because as long as the temperature is above ab-
solute zero, local disorder states always persist under the condition of large-scale 
order. Lee T. D. pointed out that the breaking of symmetry must involve force and 
field that can be observed, which are responsible for the asymmetry; there is weak 
force field in local area so far, which is responsible for the local parity breaking. 
The weak interaction force cannot be directly observed in the macroscopic world. 
Its effective range is only about 10−18 meters, which is roughly one-thousandth the 
diameter of an atomic nucleus. It primarily affects fermions, quarks, and neutri-
nos (including their anti-particles), and governs radioactive phenomena like beta 
decay. Its effects are mainly evident in the decay processes of microscopic particles. 
The so-called large-scale space refers to the macroscopic world, in which only 
electromagnetic force and gravitowagnetic force exist. Up to now, no a force or a 
field has been found which is responsible for the large-scale parity breaking, so 
the large-scale parity must exist. Reference [2] states that since humans face the 
only real world, it cannot be described mathematically using paradoxes: the elec-
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tromagnetic field theory persists that the space is flat, while the general relativity 
theory suggests that the space is curved. The reference [2] states that when the 
points on a curved surface have a one-to-one correspondence with the points on 
a plane in both directions, the curved surface and the plane are topological home-
omorphism, they are considered equivalent. This allows us to describe the field of 
mass excitation in a flat space. Helmholtz’s theorem is an important principle in 
vector field theory, which has been repeatedly proved and expounded in theory 
[3]-[6]. This theorem states that as long as any differentiable vector field decays 
rapidly (with the distance r ) to zero (for example, in the form of 21 r ) than 
1 r  when r →∞ , the vector field must be composed of the gradient field of a 
scalar potential and the curl field of a vector potential. The gravitowagnetic field, 
like the electromagnetic field, meets the requirements of this theorem, and thus 
this theorem once again proves that the field excited by electric charges and those 
excited by masses have parity [1] [2]. 

Theoretically, the Lorenz gauge under conservation of mass, Lorentz force, Far-
aday’s law and Maxwell’s displacement current law in the gravitowagnetic field 
are derived [1]. The difference from the electromagnetic field is that the former 
laws show “compliance” rather than “resistance”, while the later laws show “re-
sistance” rather than “compliance”. Using the Reynolds transport theorem from 
fluid mechanics, it is proved that these two laws are not merely effects but also are 
themselves transport processes. Without them, there would be no wave phenom-
ena [1]. Although the fluctuation of the mass excitation field has been confirmed 
in the experiments, neither theoretically nor experimentally can we rule out the 
possibility of the existence of the wagnetic field excited by moving mass. 

In the reference [1], we proposed a physics experiment plan to verify the exist-
ence of wagnetic field: In the helium-4 4He superfluid experiment, the phenome-
non of liquid climbing the wall in a specific direction: When superfluid occurs at 
low temperatures and is affected by the wagnetic field of the Earth, due to the 
“compliance” effect corresponding to Faraday’s law, the wagnetic field generated 
by the directional movement of superfluid molecules is in the same direction as 
the Earth’s wagnetic field. In the Earth’s wagnetic field, the superfluid molecules 
near the wall are subjected to an upward Lorentz force and thus exhibit the climb-
ing wall phenomenon. Due to the constant direction of the Earth’s wagnetic field, 
the climbing wall phenomenon shows a directional characteristic. 

In references [1] [2], using our theory, we explained: 1. The trajectory of Mer-
cury’s perihelion; 2. The weak field approximation of general relativity; 3. The 
gravitational lensing; 4. The dark energy. Especially, we have reveal the funda-
mental cause of the weak field approximation: Because the mass of objects on the 
Earth is too small and their falling speed in the gravitational field is too slow, the 
Lorentz force they experience is extremely weak to the extent that this deflection 
cannot be detected at all by the observers’ sense on the Earth. Therefore, the free 
fall motion on the Earth is often considered as linear motion. Obviously, this sit-
uation meets the condition of weak wagnetic field or weak Lorentz force, and thus 
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the equivalence principle of general relativity holds. Something similar happened 
in the early days of the theory of universal gravitation force. It was questioned by 
many people: Why can’t we see the phenomenon of objects on the Earth attracting 
each other? Newton responded as follows: I answer, that since the gravitation to-
wards these bodies is to the gravitation towards the whole earth as these bodies 
are to the whole earth, the gravitation towards them must be far less than to fall 
under the observation of our sense [7]. 

We also predicted four physical phenomena [2]: 1) Chromatic dispersion in the 
gravitational lensing; 2) Self-focusing effect of light; 3) Electromagnetic field and 
garvitowagnetic field can generate each other and transform into each other. 4) 
The vector potential of wagnetic field can participate in the A-B effect. 
The above review presents the main important theoretical results, four predictions 
and a physics experiment plan for testing our theory. For detailed theoretical der-
ivation, analysis, and discussion, please refer to the contents of these two articles 
[1] [2]. 

1.2. Preface of This Paper 

An important conclusion of Maxwell’s theory of electromagnetic fields is that the 
speed of electromagnetic waves in a vacuum is a constant that is independent of 
the reference frame. However, according to the Galilean transformation of classi-
cal mechanics, the velocity of an object is dependent on the choice of the inertial 
frame of reference, which means that the speed of light should vary depending on 
the choice of inertial frame. Experiments have confirmed that the speed of light 
remains constant in all inertial frames of reference, thereby disproving the exist-
ence of a hypothetical medium called “ether”. This implies that the relativistic ver-
sion of classical mechanics needs to be revised. Based on his firm belief in the 
correctness of the theory of electromagnetic fields, Einstein proposed a new the-
ory, special relativity, which is grounded on the principle of the constancy of the 
speed of light. Einstein hypothesized that the laws of physics remain unchanged 
in all inertial reference frames. Experiments have confirmed this hypothesis. For 
electromagnetic fields, Maxwell’s equations remain invariant in all inertial frames, 
which is called Lorentz invariance, while the magnitudes of the electric field in-
tensity and the magnetic field strength may vary with different reference frames. 
For the above content, we can put it in another way. The so-called vacuum we 
refer to is the mathematical space before the concept of matter was introduced. 
We merely introduce the concepts of charge and mass into the mathematical space. 
The vacuum, after the introduction of these concepts, is in an excited state. Clearly, 
these artificially introduced concepts cannot change the inherent nature of the 
mathematical space: its topological properties. Therefore, the essence of physical 
laws expressed in mathematics is the topological properties of space. Abstract top-
ological properties cannot be observed in the real space; however, they are mani-
fested in the form of physical laws and can be perceived by humans through their 
own senses or measurement instruments. Two characteristics of light: the speed 
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of light remains constant in a vacuum, and the movement speed of all objects does 
not exceed the speed of light. This makes light a measurement method commonly 
used by all inertial reference frames, thereby ensuring that the points on the move-
ment trajectory of the observed object have a bidirectional one-to-one corre-
spondence with all reference frames. For instance, there are total i points on the 
trajectory of the observed object, where 1,2, ,i n=  . The coordinate of the i-th 
point has a coordinate of ix  in the first reference frame and ix′  in the second 
reference frame. The ix  corresponds to the ix′ , and vice versa. Although the nu-
merical values of the coordinates are different, they correspond to the same ob-
served point. The coordinate values can be different because the measurement is 
not a topological property. This means that all inertial frames are topological ho-
meomorphic spaces, various metrics, including the metric (length interval, time 
interval), are not topological properties. Two homeomorphic topological spaces 
may redundantly have different metrics. The pattern revealed by this measure-
ments difference can be described by special relativity. Physical laws with topo-
logical properties remain unchanged under the homeomorphism, making their 
representations Lorentz covariant and having identical 4-dimensional algebraic 
forms in different inertial systems. 

The Lorentz covariance of the electromagnetic field is a well-established theory. 
By leveraging its parity relationship with the gravitowagnetic field, a sensible path 
is provided for the quantization of the gravitowagnetic field. However, discussion 
on this quantization process vary, although the conclusions are the same [8]-[11]. 
This paper adopts the argumentation method of reference [11], which is concise 
and highlights the key points. Our main purpose is to explain the reason why the 
gravitowagnetic field can be quantized. 

The content is arranged as following: Section 2 is theory, introduce 4-dimen-
sional mass density, mass current density and 4-dimensional potentials. Base on 
the existing classical theory, derive the covariant form of the gravitowagnetic field, 
the gravitational field and the wagnetic field are no longer independent vector 
fields, together they form an anti-symmetric tensor field. Then, following the path 
of quantization of the electromagnetic field, the quantization of gravitowagnetic 
field is derived. Section 3 is discussion, after establishing the 4-dimensional coor-
dinate system of parity, the tensor form of the excited state vacuum that is com-
patible with both electromagnetic field and gravitowagnetic fields obtained, and it 
is proved to be covariant. Using the same gauge transformation as that of the elec-
tromagnetic field, the gauge invariance of the gravitowagnetic field is proved. Sec-
tion 4 is conclusion.  

2. Theory 
2.1. Lorentz Covariance 

The following discussion is entirely conducted within the framework of classical 
theory, and the conclusion obtained can be compared with our existing theory [1] 
[2]. Our main objective is to verify that the classical gravitowagnetic field in the 
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configuration space can also conform to Lorentz covariance in the 4-dimensional 
spacetime like the electromagnetic field. 

There are four coordinate systems that maintain the 4-dimensional spacetime in-
terval unchanged in mathematics: ( ), , ,x y z ict , ( ), , ,x y z ict− − − − , ( ), , ,x y z ict− , 
( ), , ,x y z ict− − − . This means that there are four local coordinate systems on the 
complex manifold. The first one has been used to describe the electromagnetic 
field in tensor form [6]. In the 3-dimensional space, when describing the gravi-
towagnetic field, the same coordinate system as the the electromagnetic field is 
adopted. This approach significantly highlights its parity with the electromagnetic 
field in algebraic form in the 3-dimensional configuration space [1]. Both types of 
vacuum excitation fields are uniformly described using the right-handed coordi-
nate system. The Equations (25), (26), (27), and (28) in the reference [1] are char-
acterized by the fact that the algebraic expressions on the right side of the equal 
signs in the two equations with the same number of formula are exactly the same 
forms and positive or negative signs, while the algebraic forms on the left side of 
the equal signs are the same but differ a positive or negative sign: the electromag-
netic field is positive, and the gravitowagnetic field is negative. This clearly 
demonstrates the parity of the two excitation fields. On the other hand, in a three-
dimensional configuration space, time is a parameter rather than a coordinate 
quantity, and there is no parity. In a four-dimensional complex space, time ap-
pears in a one-dimensional imaginary space with parity properties. Time is im-
plicitly contained within the imaginary coordinate quantity. Therefore, if we want 
to use those formulas in the reference [1] to describe the Lorentz covariance of 
gravitowagnetic field mentioned above in the 4-dimensional spacetime and show 
its parity with the electromagnetic field, only the third coordinate system can be 
chosen, and rewritten as ( )1 2 3 4, , ,x x x y x z x ict= = = = − . Next, we first write out 
the main formulas of the gravitowagnetic field in the configuration space to omit 
the subscript for all physical quantities [1]: 

2
2

2 2
1 4

cc t
π∂

∇ − = −
∂

AA j                          (1) 

2
2

2 2
1 4
c t

ϕϕ ρ∂
∇ − = − π

∂
                          (2) 

1 0
c t

ϕ∂
−∇⋅ + =

∂
A                            (3) 

1 0
c t

ϕ ∂
= ∇ − =

∂
AG                           (4) 

= −∇×W A                              (5) 

Introduce the 4-dimensional potential ( )1 2 3 4, , ,x y zA A A A A A A A iϕ= = = = , 
and 4-dimensional current ( )1 2 3 4, , ,x y zj j j j j j j j icρ= = = = . Let the coordinate 
axes of two inertial reference frames be parallel to each other and move in the x  
direction, and take the time origin when the origins coincide. Under the special rel-
ativistic conditions, the length and mass vary with the relative velocity v , so 
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2
0j jγ= , 2

0ρ γ ρ=                           (6) 

Among them, ( ) 12 2 21 v cγ
−

= − , 0j  represents the mass density, which phys-
ical meaning is the mass within a unit volume. 0ρ  represents the mass flow den-
sity, it is a vector, its definition is the total mass passing through a unit cross-
sectional area perpendicular to the direction of flow per unit time, and they are 
under the non-relativistic condition ( )1γ = . For two definite reference frames in 
relative motion, the velocity keeps constant, so γ  is a constant and does not 
change the algebraic form of the original formulas. The covariant form of the 
combination of formulas (1) and (2) is 

( )
2

2
2 2

1 4A j
c t

cµ µ
 ∂
∇ − = −  π

∂ 
                     (7) 

The covariant of formula (3) is 

0A xµ µ−∂ ∂ =                             (8) 

All the formulas in this paper are subject to the Einstein summation convention: 
when a certain indication in the same term appears repeatedly, the sum of all 
possible values of that indicator is calculated by default. From formula (4), in  

the 4-dimensional coordinate system ( ) ( ) ( )1 1
1

xG G i x i c A it
i

ϕ= = ∂ ∂ + ∂ ∂ − , so 

4 1
1

1 4
x

A AG G i
x x

 ∂ ∂
= = − − ∂ ∂ 

                       (9) 

Similarly, 

4 2
2

2 4
y

A AG G i
x x

 ∂ ∂
= = − − ∂ ∂ 

                      (10) 

34
3

3 4
z

AAG G i
x x

 ∂∂
= = − − ∂ ∂ 

                      (11) 

From formula (5), in the 4-dimensional coordinate system 

( ) ( )1 3 2
2 3

xW W A A
x x
∂ ∂

= = − × − ×
∂ ∂

j k k j , i , j  and k  are the basis vectors of 

x , y  and z , so 

3 2
1

2 3
x

A AW W
x x

 ∂ ∂
= = − − ∂ ∂ 

                      (12) 

31
2

3 1
y

AAW W
x x

 ∂∂
= = − − ∂ ∂ 

                      (13) 

2 1
3

1 2
z

A AW W
x x

 ∂ ∂
= = − − ∂ ∂ 

                      (14) 

Aµ  constitutes a 4-dimensional vector, and A xν µ∂ ∂  and A xµ ν∂ ∂  consti-
tute a 4-dimensional tensor, 

AAF
x x

µν
µν

µ ν

∂∂
= −
∂ ∂

, , 1, 2,3, 4µ ν = .                  (15) 
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Thus, there exists a tensor matrix 

3 2 1

3 1 2

2 1 3

1 2 3

0
0

0
0

W W iG
W W iG

F
W W iG
iG iG iG

− 
 − =
 −
 
− − − 

                  (16) 

The significance of F  is that in the 4-dimensional spacetime the gravitational 
field and the wagnetic field are no longer independent vector fields, together, they 
form an anti-symmetric tensor field. 
Under non-relativistic condition [1] 

4 ρ−∇⋅ = πG                            (17) 

1 4
c t c
∂

−
π

∇× = +
∂
GW j                        (18) 

Under the relativistic condition, Equations (17) and (18) are combined  

4F
j

x c
µν

ν
µ

∂ π
= −

∂
                         (19) 

Under the non-relativistic condition [1] 

1 t
c

−∇× = − ∂ ∂G W                        (20) 

0∇⋅ =W                            (21) 

Under the relativistic condition, equations (20) and (21) are combined 

0
F FF
x x x
µν λµνλ

λ µ ν

∂ ∂∂
+ + =

∂ ∂
                     (22) 

Equation (22) is completely anti-symmetric with respect to µ , ν , and λ , and 
actually corresponds to four independent equations, corresponding to ( ), ,µ ν λ  
taking ( )2,3, 4 , ( )3,4,1 , ( )4,1, 2  and ( )1,2,3 .  

2.2. Quantization 

The equations (16) and (17) in the reference [1] are the wave equations of the 
radiation fields for the gravitowagnetic field. The quantization of radiation field 
can be carried out by imitating the mature theory of the quantization of electro-
magnetic field. The following mainly explains the reason why the gravitowagnetic 
field can be quantized [11]. 

The Hamiltonian for a set of harmonic oscillators, each having unit mass is  

( )2 2 21
2OSC m m m

m
H P Qω= +∑                        (23) 

With mQ  being the coordinate, d dm mP Q t=  being the momentum or veloc-
ity, and m  being natural number. Dirac first transformed the system into a quan-
tum field. On the other hand, the Hamiltonian of the radiation field is 

( ) ( ) ( ) ( )1 12 2 3 2 2 28 d 8GW m m m
m

H G W x f k h− −= + = +π π ∑∫          (24) 
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where mf , mk , and mh  are obtained through the following approach: The so-
lution of the radiation field can be facilitated by representing the gravitational field 
as a sum of (wave) mode functions ( )m xu , which are defined by the eigenvalue 
equation: 

( ) ( )2 2
m m mx k x∇ = −u u                       (25a) 

Here, x  is a vector coordinate with three components 1x , 2x , and 3x .  

( ) 0m x∇⋅ =u                          (25b) 

( ) 0m x× =n u  on any conducting surface.          (25c) 

where n  is the unit normal to the surface. The latter condition is imposed be-
cause the tangential component of G  must vanish on a conducting surface. It 
can be readily be shown that Eqs (25) describe a Hermitian eigenvalue problem, 
and so the mode functions that correspond to unequal eigenvalues must be or-
thogonal. The gravitational field is represented as a sum of the functions 

( ) ( ) ( ), m m
m

x t f t x=∑G u                    (26) 

Similarly, the radiation wagnetic field can be represented as 

( ) ( ) ( ), m m
m

x t h t x= ∇×∑W u                  (27) 

Note that the direction of the mode function here is opposite to its direction in 
the reference [11], because the direction of gravitowagnetic field is opposite to 
that of electromagnetic field. According to the formula (23) of reference [1], 

( )mh t  and ( )mf t  should satisfy the following equation 

( ) ( )d
d
m

m
h t

cf t
t

= −                      (28) 

According to Dirac’s theory, the Hamiltonian operator for a system of inde-
pendent oscillators is of the form 

1
2m m m

m
H a aω + = + 

 
∑                    (29) 

The mQ  and mP  in the formula (23) are 

( )
1 2

2m m m
m

Q a a
ω

+ 
= + 
 

                   (30) 

( )
1 2

2
m

m m mP i a aω + = − 
 

                   (31) 

Making corresponding permutation, 

2
m

m
m

fQ
ω

↔
π

                       (32) 

Thus 

( ) ( ) ( )1 22 2m m m m m mf Q a aω ω +π π= = +               (33) 
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Substituting equation (33) into equation (26), the gravitational field operator is 

( ) ( ) ( ) ( ){ } ( )1/2, 2 m m m m
m

x t a t a t xω + +π=∑G u
              (34) 

Similarly, 

2
m

m
hQ
c

↔
π

                            (35) 

Combining equation (27), the wagnetic field operator is 

( ) ( ) ( ){ } ( )
1 2

2, m m m
m m

x t ic a t a t x
ω

+ 
= − ∇× 

 

π∑W u             (36) 

At this point, the gravitowagnetic fields have been quantized. 

3. Discussion 
3.1. Unified Expression 

In the special relativity, time appears in the fourth dimension. Noticing that 
( )2 1i± = − , and the parity of the fourth dimension has a different meaning from 
that of time: Under the condition that time is positive ( )0t >  and there is no 
absolute zero point in time, the 1-dimensional imaginary space containing time 
and the speed of light and the 3-dimensional configuration space form a complex 
4-dimensional spacetime. The 1-dimensional imaginary space has two character-
istics: 1. No matter how the coordinate direction of the configuration space is cho-
sen, it always exists as an independent space; 2. Ensure that the 4-dimensional 
spatiotemporal spacing is always in the form of 2 2 2 2 2x y z c t+ + − . This 4-dimen-
sional space should still exhibit compactness, which leads to the spacetime having 
large-scale parity. In the fourth dimension, ict  is in parity with ict− . The es-
sence of electromagnetic field and gravitowagnetic field is tensor fields in the 4-
dimensional spacetime, and the parity of the two fields reflects the parity of 4-
dimensional spacetime. The physical properties of the vacuum excitation fields 
are a true reflection of the topological properties of spacetime. The magnitude of 
the field strength, the density, the space interval. etc., are all measurements and 
must be real numbers. When using the variable of time, the modulus of the fourth 
dimensional coordinate quantity is actually adopted: ict ct± = . The existence of 
the speed of light makes the dimension consistent with the space. 

Just like the electromagnetic field, the 4-dimensional tensor field equations 
truly describe the gravitowagnetic field. To really reflect the parity of spacetime 
together with the electromagnetic field in form, the ( ), , ,x y z ict− − − −  coordinate 
system, which is different from the one adapted in section 2, must be adopted. The 
actual operation is quite easy: As long as the tensor defined by equation (15) is 
applicable to both the ( ), , ,x y z ict  coordinate system and the ( ), , ,x y z ict− − − −  
coordinate system, the resulting tensors with the same foot label imply parity. 
Such an expression truly demonstrates that the properties of the fields are mani-
festation of the topological properties of the complex spacetime. However, in such 
coordinate system, the gravitowagnetic field expressed by the redefined Fµν  no 

https://doi.org/10.4236/jhepgc.2026.122034


Y. G. Feng 
 

 

DOI: 10.4236/jhepgc.2026.122034 693 Journal of High Energy Physics, Gravitation and Cosmology 
 

longer corresponds to the algebraic formulas of the fields in the references [1] [2]. 
In quantum field theory, the natural system of units, 1c = = , is often used. 

This is to highlight the symmetry between the algebraic expressions of the fields 
and ignore their differences in measurements. Based on this approach, in order to 
highlight the parity between the electromagnetic field and the gravitowagnetic 
field, when defining the field strength using Helmholtz theorem, we adopted the 
same form of scalar potential and vector potential, which already implicitly con-
tained the metric differences between the two fields [2]. Thus, the vacuum field in 
the excited state can be expressed in a unified form, 

3 2 1

3 1 2

2 1 3

1 2 3

0
0

0
0

i
i

F
i

i i i

Λ −Λ − Ω 
 −Λ Λ − Ω =
 Λ −Λ − Ω
 
Ω Ω Ω 

                 (37) 

For the electromagnetic field: ( )1 2 3 4, , ,x x x y x z x ict= = = = , i iEΩ = , i iBΛ = , 
1,2,3i = . For the gravitowagnetic field: ( )1 2 3 4, , ,x x x y x z x ict= − = − − = − ,  

i iGΩ = − , i iWΛ = − , 1,2,3i = . The Lorentz invariant is obtained from formula 
(37), 

2 21
2

FF = Λ −Ω                        (38) 

The topological significance of formula (38) is that the excited state vacuum 
maintains the parity of the complex 4-dimensional spacetime, and its law exists in 
the same way in all inertial reference frames. 

3.2. Gauge Transformation 

The action of electromagnetic force exists between charged particles, and the grav-
itowagnetic force exists between particles with masses. The action of these two 
fields is in the ( ),−∞ ∞ , and within this range, there are also exist scalar field and 
spinor field. Therefore, the electromagnetic field and the gravitowagnetic field 
must be involved in the interaction between these fields. At this point, gauge 
transformation must be taken into account. Due to the parity relationship be-
tween the gravitowagnetic field and the electromagnetic field, the algebraic ex-
pressions are completely similar, so the gauge transformation of the electromag-
netic field is also applicable to the gauge transformation of the gravitowagnetic 
field. Therefore, under the same gauge transformation, we only need to consider 
the gauge transformation of the gravitowagnetic field. The gauge properties of the 
field are mainly determined by the gauge properties of the tensor Fµν , as this 
tensor determines the properties of the field. Introduce a gauge transformation of 
the same form as the electromagnetic field, 

( )1A A A x
gµ µ µ µθ′→ = + ∂                   (39) 

Here, g  is the coupling constant (including conserved mass and charge), 
( )xθ  is any differentiable scalar function, and the corresponding gauge transfor-
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mation of Fµν  is 

( )1

F A A

F A A A A x
g

µν µ ν ν µ

µν µ ν ν µ µ ν ν µ µ ν ν µ θ

= ∂ − ∂

′ ′ ′    → = ∂ −∂ = ∂ − ∂ + ∂ ∂ − ∂ ∂   
    (40) 

Due to µ ν ν µ∂ ∂ = ∂ ∂ , so  

F Fµν µν′ =                      (41) 

It can be seen that the excited-state vacuum with electromagnetic field and 
gravitowagnetic field has gauge invariance. 

4. Conclusion 

Like the electromagnetic field, the gravitowagnetic field can be quantized. The Lo-
rentz covariant of the excited-state vacuum composed electromagnetic field and 
gravitowagnetic field not only demonstrates the parity of 4-dimensional spacetime, 
but also remains unchanged under the gauge transformation. 
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